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Claim: 



Claims 1 - 7; ; (canceled) 



feuded) An adaptive control system (ACS) for controlling a 
signal y* and an rth lime-derivative of the 



Claim 8. (cujrentlj/ 
plant based on at le&st oile cbminandcd output i 

commanded output |signal y c f, and a plant output signal y that is a function of the states 
existing in the plant, r b'eiiig the relative degree of the plant output signal y, the ACS 



comprising: 



a model jmversi ojnj unit (M1U) coupled to receive a p$eudo-control signal v and 



a plant output si; 



approximate modcllbf the 



tile MIU generating a control signal 8 t by inverting an 
^ant dynamics, the MIU supplying the control signal 5 C to the 

i 



plant for control thereof; 

a summ|iig unjii coupled to receive the rth time-derivative of the commanded 
output signal y/ r) 9 aj ;pseu^o j-control component: signal v^, and an adaptive control signal 
Vrfrf , ihe summing unit adding the rth time-derivative of the commanded output signal yj r) 



and the pseudo-contjrol cp: 



v 0 <t » to generate thelpseudo-cbntrol signal \>\ 



an error rsignal 



iponent signal v<i Ci and subtracting the adaptive control signal 



generator (ESG) coupled to receive the commanded output 
I J 



signal y c and optional derivatives thereof and the plant output signal y> the ESG 
generating a tracking error jstignal y by differencing corresponding signal components of 
the commanded output iignal y c and optional derivatives thereof, and a plant output 
signal y; 

In ! 

a linear jcontroller having a linear dynamic compensator (LDC) coupled to 
receive the tracking error signal y, the LDC generating [[a]] the pseudo-control 

\':\ ! I I | 

component signal based on the tracking error signal y % the pseudo-control component 
signal v </t . for stabilising l^i: jfeedback linearized dynamics of the model inverted in the 
[[model inversion unit]] A4IU, the LDC generating a transformed signal y ad based on the 
tracking en-or signal!^ so that a transfer function from an adaptive control signal v fl j to the 



transformed signal ft,-,/ is strictly positive real (SjPR); 

lj: I j i 

an adaptive clement having 
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an eijrpr conditioning element coupled to receive the transformed signal 
and at least one neural nettvprk basis function $ y the error conditioning element stable 

if; ! I ! 

low-pass filtering the basis function 0 to produce a filtered basis function and 
multiplying the filtered basis function $ r by the transfoimed signal % d to produce a 
training signal 5; anjll 

a neural ne v/ork adaptive element (NNAE) coupled to receive the plant 
output signal y 9 the pseucli) Jontrol signal [[vj]] v, and the training signal 5, the NNAE 
having a neural nework uncrating the adaplive control signal v u a based on the plant 



output signal y and the pseudo-control signal 

ii- !|H 



network, the neural netw[orkj generating the adaptive control signal by mapping the 

nseudo-control signal v to the adaptive control signal v ad based 



plant output signal >,and a 



on at least one basis; function <p and at least one connection weight W-ft. 



signal from the neulra] -ne4- 



update the basis function! ^ 
so that the adaptive |c!ontro 



i 



[[ v flrf]3 !' supplied as inputs to the neural 



the neural network coupled to output the basis function 



^ to the error conditionih ^element, the adaptive element using the training signal 8 to 



and at least one connection weight W of the neural network 



r 



9. (current!^ amended) An ACS as claimed in claim 8 wherein the LDC maps 



the tracking error signal y to jthe pseudo-contro 



function N dc (s) / Djtfs), afijdjlhe LDC maps the tracking error signal^ to the transformed 

function N <v i(s) /b^s), the transfer functions Nj c (s) /D dc (s) 



signal y„,t based on atransfcr 



and N ad (s) J D dc (s) selected 



component signal v dc based on a transfer 



tta assure boundedness of the tracking error signal j7. 



10, (previously presented) An ACS as c 



aimed in claim 8 further comprising: 



a delay element coupled to receive the plant output signal y and generating 
at least one delayed! plaxitj output signal y a as 



network to genenitejthe adaptive control signal 



ATI .01 tt\ 693699v I 



-3 



an additional input signal to the neural 
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1 1. (previously printed) An ACS as claimed in claim 8 further comprising: 
a delay ejlemen coupled to receive the pseudo-control signal v and generating 

the delay element coupled to supply the 
delayed pseudo-control &gnal v d as an additional input signal to the neural network to 

! M 1 

generate the adaptive control! signal v,„/. 



Hi 



12. (previously prbsentcd) An ACS as claimed in claim 8 wherein the plant 

i.= \ \ i 

comprises at least <j>jne sersor sensing at least 
plant output signal jl> based c 



on the sensed plant state 



one slate of the plant, and generating the 



1 3. (previously presented) An ACS as claimed in claim 8 wherein the plant 

• | ■ i I 

comprises at least o£e actuator controlling the plant based on the command control signal 



operated hy a humajx operator, the ACS further 



14. (previously planted) An ACS as claimed in claim 8 wherein the ACS is 

' ■ ill 



comprising; 

to receive the plant output signal y, the 



an operator interface unit coupled 

L ill 

operator interface unit generating a display signal based on the plant output signal >>; 

rhc operator reccing the display sjgnal from the operator interface unit, and 
producing control action fa control the plant based on the display signal; and 

a command filter unit operable by the operator, the command filter unit 



generating the commanded 
derivative yj r> of the plant 



output signal y c , and optional derivatives thereof, and the /th 



output signal y based on control action of the operator. 



15. (previously printed) An ACS as c 
an operator interface unit coupled 



operator interface unit generating a signal based on the plant output signal >>; 



an operator coupled to receive the 



unit, and generating 5 an operator signal to contijol the plant based on the signal generated 
by the operator interface limit; and 



ArL01/liG93699vl 



aimed in claim 8 further comprising: 

to receive the plant output signal y, the 



signal generated by the operator interface 
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a command fi: 
generating the commanded 



derivative jVe W of the* plant 



16. (canceled) 



iter unit operable by the operator, the command filter unit 
output signal y c and optional derivatives thereof, and the rth 
oiilput signal y based on the operator signal. 



yk from a linear controller of the ACS, the adaptive element 



17. (previously presented) An adaptive clement (AE) of an adaptive control 
!i J ! I 
system (ACS) for controlling a pjant based on a plant output signal y that is a function of 

the full plant state ejnstuig in a plant, a pseudoj-conlrol signal v used to control the plant; 

and a transformed signal 

comprising: j 

a neurafnctwoikj adaptive demerit (NNAE) comprising a neural network 

having at least on^.connjectipn weight W and at least one basis function <£, the neural 

network coupled to irecehfe iie pseudo-control signal v and the plant output signal y\ 

cjoupled to receive the plant output signal y and the pscudo- 



a delay elemchi 



signal y and the psciido-co 



lido-coii 



control signal v, and generLmg signals^, vj ttiat are delayed versions of the plant output 



jroJ signal v; and 



an err<)rj^nd|tioning clement coupled to receive the transformed signal p at{ 



and the basis functipti $ y |anjd 



generating an error signal 6 based thereon, 



the NNAE coupled to receive the error signal 5 and adapting the connection 

; ! 1 1 1 I 

weight W and the basis function 0 to adaptively control unmodeled plant dynamics. 



18, (previously pre seiji ted) An adaptive element as claimed in claim 17 wherein 
the error conditioning elerr erjt includes a filter and a multiplier, the filter operating on the 
basis function (f> from the NNAE to produce a filtered basis function^ , the multiplier 
generating the error signil 5 by multiplying the filtered basis function ^ f by the 
transformed si gnal j^. 

I, I 

! i 

19. (currently amended) An adaptive clement as claimed in claim 18 wherein the 

l' [ 
filter operates on the basis function 4> to produce the filtered basis function ^ fusing a 
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transfer function [[ffr'tf^J! 

and [[the]] a tracking error signal ^ generated h'v differencing a commanded output signal 
v,. and the plant 



output! 



T ! ( s ) that ensures jboundedness of the connection weight W 



j i 

signal y, the tracking error signal v provided to the linear 



controller of the AGS to generate the transformed signal /P, „ ; and the pseudo-control signal 



v. 



Claims 20 :30 (canceled) 
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